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(54) Fuel injection arrangement 

(57) An injector arrangement is disclosed which 
comprises a valve needle (34) urged into engagement 
with a seating under the action of the pressure of fuel 
within a control chamber (44). A needle control valve 
(50,50a) controls communication between a source of 
fuel at high pressure (62) and the control chamber (44), 
and also between the control chamber (44) and a low 
pressure drain (64). The needle control valve (50,50a) 
includes a valve member (50) including an end which is 
engageable with a surface extending in a plane normal 
to the axis of the valve member (50) to close a port com- 
municating with the low pressure drain (64). 
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Description 

This invention relates to an injector arrangement for 
use in supplying fuel, under pressure, to the cylinders 
of an internal combustion engine. In particular, this in- 
vention relates to an injector arrangement in which the 
injector has a respective pump associated therewith, for 
example a pump/injector or a long pipe arrangement in 
which the injector is connected to its pump by a pipe. 

A known pump/injector arrangement comprises a 
plunger reciprocable within a bore provided in a housing 
to pressurize fuel located within the bore. The bore com- 
municates with a fuel pressure actuated injector such 
that once the fuel pressure within the bore exceeds a 
predetermined level, the injector opens thus fuel injec- 
tion commences. 

In order to permit independent control of the injec- 
tion pressure and the timing of injection, it is known to 
provide a pressure control valve which communicates 
with the bore, and an injection control valve which con- 
trols the pressure applied to a control chamber defined, 
in part, by a surface of a needle of the injector to control 
movement of the needle. In use, the pressure control 
valve remains open during initial inward movement of 
the plunger. Subsequently, the pressure control valve is 
closed, further inward movement of the plunger pressu- 
rizing the fuel within the bore. When injection is to com- 
mence, the injection control valve is actuated to connect 
the control chamber to a low pressure drain thus permit- 
ting movement of the needle away from its seating to 
commence injection. 

In some known arrangements, the pressure control 
valve and injection control valve are actuated by a single 
electromagnetic actuator. Such arrangements are ad- 
vantageous in that fewer electrical connections to the 
injector are required than where the valves are control- 
led by independent actuators. 

One arrangement including a single actuator in- 
cludes an injection control valve in which the valve mem- 
ber includes an axially extending passage forming part 
of the delivery line through which fuel is supplied to- 
wards the injector seating. Clearly, in such an arrange- 
ment, the valve member needs to be relatively large in 
order to provide a sufficient wall thickness to withstand 
the fuel pressure therein. 

It is an object of the invention to provide an injector 
including an injection control valve of relatively simple 
form. 

According to the present invention there is provided 
an injector arrangement comprising a pump including a 
bore within which a pumping plunger is reciprocable, 
and an injector including pressure control valve ar- 
ranged to control communication between the bore and 
a low pressure reservoir, an injector needle engageable 
with a seating, the needle being resilientiy biased into 
engagement with the seating, a control chamber ar- 
ranged such that the fuel pressure therein urges the 
needle towards its seating, a needle control valve ar- 



* ranged to control communication between the bore and 
the control chamber and between the control chamber 
and a low pressure drain, and individual actuator ar- 
rangements for actuating the pressu re control valve and 

s needle control valve independently of one another, 
wherein the needle control valve comprises a valve 
member slidable within a bore, an end of the valve mem- 
ber being sealingly engageable with a surface extending 
in a plane normal to the axis of the valve member to 

10 close a port communicating with the low pressure drain. 
Such an arrangement is advantageous in that reli- 
able control of the valves may be achieved relatively 
easily. Further, by providing the drain port substantially 
coaxially with the control valve member, the provision of 

15 a delivery line extending along the axis of the control 
valve member, as in a known arrangement, can be 
avoided. 

In addition, the use of an arrangement in which the 
control valve member is engageable with a surface ex- 
20 tending in a plane normal to the axis of the valve mem- 
ber rather than with a seating coaxial therewith increas- 
es the tolerance to manufacturing inaccuracies. 

The pump and injector may be combined to form a 
pump/injector, or may be spaced apart from one anoth- 
25 er, a pipe being arranged to transfer fuel from the pump 
to the injector. 

The invention will further be described, by way of 
example, with reference to the accompanying drawings, 
in which:- 

30 

Figure 1 is a sectional view of an injector in accord- 
ance with an embodiment of the invention; 

Figure 2 is an enlarged view of part of Figure 1 ; 

35 

Figure 3 is a view similar to Figure 2 of an alternative 
injector; and 

Figure 4 is a diagrammatic cross sectional view of 
40 part of a further alternative injector. 

The fuel injector illustrated in Figures 1 and 2 com- 
prises a multi-part housing 10 including a housing part 

11 having a bore 12 formed therein. A plunger 14 is re- 
45 ciprocable within the bore under the action of a cam ar- 
rangement, a return spring 16 being provided in order 
to withdraw the plunger 14 from the bore 12. The bore 

1 2 communicates through a passage 1 8 with a pressure 
control spill valve 20 which controls communication be- 
so tween the passage 18 and a low pressure drain 22. 

As illustrated, the spill valve 20 comprises an elec- 
tromagnetically operated valve including an actuator 24 
the armature of which is connected to a valve member 
26 which includes a region 26a of enlarged diameter 
55 which is engageable with a seating 28 located so that 
when the enlarged region 26a engages the seating 28 
communication between the passage 18 and the low 
pressure drain 22 is not permitted, movement of the en- 
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larged region 26a away from its seating permitting such 
communication. A spring 30 is located so as to bias the 
valve member 26 towards a position in which the en- 
larged region 26a thereof is spaced from its seating 28, 
energization of the actuator 24 moving the valve mem- 
ber 26 against the action of the spring 30 to break com- 
munication between the passage 18 and low pressure 
drain 22. 

The multi-part housing 10 further comprises a noz- 
zle body 32 defining a bore within which a valve needle 
34 is slidable, the valve needle 34 being engageable 
with a seating in order to control flow of fuel towards one 
or more outlet apertures (not shown) provided in an end 
of the nozzle body 32. The nozzle body 32 abuts a dis- 
tance piece 36 which includes a through bore coaxial 
with the bore provided in the nozzle body 32, the through 
bore of the distance piece 36 including a region of en- 
larged diameter. 

A first valve housing 38 abuts the end of the dis- 
tance piece 36 remote from the nozzle body 32, the first 
valve housing 38 including a projection 38a which ex- 
tends within the enlarged diameter region of the through 
bore of the distance piece 36, the first valve housing 38 
and distance piece 36 together defining a spring cham- 
ber within which a spring 40 is located. The spring 40 is 
engaged between the first valve housing 38 and a spring 
abutment member 42 which abuts an end of the valve 
needle 34. 

The projection 38a includes a blind bore within 
which a projection 42a forming part of the abutment 
member 42 is slidable, the bore and projection 42a to- 
gether defining a control chamber 44 which communi- 
cates through a passage 46 with an end face of the first 
valve housing 38 facing away from the distance piece 
36. 

The face of the first valve housing 38 facing away 
from the distance piece 36 abuts a second valve hous- 
ing 48 which is provided with a through bore within which 
a valve member 50 is slidable. The valve member 50 is 
secured to an armature 52 which is moveable under the 
influence of a stator 54 located within a stator housing 
56, the stator housing 56 being located between the sec- 
ond valve housing 48 and the housing part 1 1 . A cap nut 
58 is in screw-threaded engagement with the housing 
part 1 1 , the cap nut 58 securing the nozzle body 32, dis- 
tance piece 36, first and second valve housings 38, 48 
and stator housing 56 to the housing part 11 . The hous- 
ing part 11, stator housing 56, first and second valve 
housings 38, 48 distance piece 36 and nozzle body 32 
are each provided with drillings which together form a 
delivery line 60 permitting fuel to flow from the bore 12 
to the bore provided in the nozzle body 32 to act against 
appropriately orientated thrust surfaces of the needle 34 
to urge the needle 34 away from its seating. 

A drilling 62 is provided in the second valve housing 
48, the drilling 62 providing a communication path be- 
tween the passage 46 and the supply line 60. As shown 
most clearly in Figure 2, the drilling 62 communicates 



* Vith'the through bore of the second valve housing 48, 
the drilling 62 being located such that the part of the 
through bore at the end face of the second valve housing 
48 is of non-circular shape, the drilling 62 breaking into 

5 the through bore at the end face of the second valve 
housing. The through bore is shaped so as to define a 
seating located such that when an enlarged diameter 
region 50a of the valve member 50 engages the seating, 
communication between the passage 46 and delivery 

io |jne 60 is broken, movement of the enlarged region 50a 
away from its seating permitting such communication 
thus resulting in the fuel pressure within the control 
chamber 44 being substantially equal to that within the 
delivery line 60. It will be appreciated that in such cir- 

15 cumstances, the force acting on the valve needle 34 urg- 
ing the valve needle 34 into engagement with its seating 
due to the pressure within the control chamber 44 and 
due to the action of the spring 40 is greater than the 
forces urging the valve needle 34 away from its seating 

20 due to the action of fuel against the thrust surfaces of 
the valve needle 34. The valve needle 34 therefore oc- 
cupies a position in which it engages its seating in such 
circumstances. 

An end of the valve member 50 is sealingly engage- 
rs able with a surface of the first valve housing 38 facing 
the second valve housing 48, such sealing engagement 
breaking communication between the through bore of 
the second valve housing 48 and a drilling 64 provided 
in the first valve housing 38 substantially coaxially with 

30 the through bore of the second valve housing 48, the 
drilling 64 being arranged to communicate with a suita- 
ble low pressure drain through a suitable drain passage. 
The drain passage further communicates with the spring 
chamber thus movement of the spring abutment mem- 

35 ber 42, in use, does not result in significant pressuriza- 
tion of fuel within the spring chamber. A recess is con- 
veniently provided in the end face of the valve member 
50 facing the first valve housing 38, the recess being 
aligned with the drilling 64. 

40 In use, starting from the position illustrated in Figure 
1, the valve member 50 is in engagement with the first 
valve housing 38 thus the fuel pressure within the con- 
trol chamber 44 is substantially equal to that within the 
delivery line 60. As indicated hereinbefore, in such cir- 

45 cumstances the valve needle 34 engages its seating 
thus injection does not take place. The plunger 14 is in 
its outermost position, the bore 12 being charged with 
fuel, and the valve 20 occupies a position in which com- 
munication between the passage 18 and low pressure 

50 drain 22 is permitted. From this position, the plunger 14 
commences inward movement into the bore 12. Such 
movement results in fuel being displaced through the 
valve 20 to the low pressure drain 22. 

When it is determined that pressurization of the fuel 

55 within the bore 1 2 should commence, the actuator 24 of 
the valve 20 is energized resulting in movement of the 
valve member 26 thereof to bring the enlarged region 
26a into engagement with its seating thus terminating 
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the flow of fuel from the bore 1 2 to the low pressure drain m 
22. It will be appreciated that continued inward move- 
ment of the plunger 14 therefore results in the pressure 
of fuel within the bore 12 increasing. The pressure of 
fuel applied to the thrust surfaces of the valve needle 34 s 
and also the pressure of fuel applied to the control cham- 
ber 44 thus also increase. The communication between 
the control chamber 44 and the delivery line 60 ensures 
that a sufficiently high force is applied to the valve nee- 
dle 34 during such pressurization to maintain the en- 
gagement between the valve needle 34 and seating 
thus injection does not commence. 

When injection is to be commenced, the stator 54 
is energized to attract the armature 52 towards the stator 
against the action of a spring 68, the movement of the 
armature 52 resulting in movement of the vatve member 
50 to lift the end thereof away from the end face of the 
first valve housing 38 and to bring the enlarged region 
50a of the valve member 50 into engagement with its 
seating. Such movement of the vatve member 50 breaks 
communication between the control chamber 44 and the 
delivery line 60 and instead permits communication be- 
tween the control chamber 44 and the low pressure 
drain. The pressure within the control chamber 44 there- 
fore falls. The reduced pressure within the control cham- 
ber 44 results in reduction in the force urging the valve 
needle 34 into engagement with its seating, and a point 
will be reached at which the pressure acting against the 
thrust surfaces of the valve needle 34 is sufficient to 
overcome the action of the spring 40 and fuel pressure 
within the control chamber 44 to lift the valve needle 34 
away from its seating and hence permit fuel to flow past 
the seating of the nozzle body 32 to the outlet apertures 
and hence commence injection. 

In order to terminate injection, the stator 54 is de- 
energized thus the armature 52 and valve member 50 
return under the action of the spring 68 to the position 
shown in Figures 1 and 2. In this position, the control 
chamber 44 no longer communicates with the low pres- 
sure drain and instead communicates with the supply 
passage 60. The fuel pressure within the control cham- 
ber 44 therefore increases, and a point will be reached 
at which the fuel pressure within the control chamber 44 
is sufficient to return the valve needle 34 towards its 
seating thus terminating injection. At or after termination 
of injection, the valve 20 is de-energized thus the valve 
member 26 thereof moves under the action of the spring 
30 to a position in which fuel from the bore 1 2 is able to 
flow through the valve 20 to the low pressure drain 22. 
The fuel pressure within the bore 12 therefore falls. Con- 
tinued inward movement of the plunger 14 results in fur- 
ther fuel being displaced through the valve 20 to the low 
pressure drain 22. Subsequently, the plunger 14 is with- 
drawn from the bore 12 under the action of the spring 
1 6 thus fuel is drawn into the bore 1 2 from the low pres- 
sure drain 22 through the valve 20. Fuel continues to 
flow to the bore 12 until the plunger 14 occupies its out- 
ermost position, the valve 20 remaining in its de-ener- 



'giztfd state throughout the outward movement of the 
plunger 1 4. Continued outward movement of the plung- 
er 14 results in the injector returning to the position il- 
lustrated in Figures 1 and 2 ready for the commence- 
ment of the next pumping and injection cycle. 

Figure 3 illustrates an arrangement which is similar 
to that of Figures 1 and 2, but in which the spring abut- 
ment member 42 includes a separate rather than inte- 
gral projection 42a. The provision of an integral projec- 
tion 42a has the advantage that the spring abutment 
member 42 is guided, but the disadvantage that the 
spring abutment member 42 is of relatively complex 
shape. There may, therefore, be circumstances in which 
it is preferred to use the arrangement of Figure 3 in 
which the projection is not integral with the spring abut- 
ment member 42. 

Figure 4 illustrates a further alternative in which the 
projection 42a is integral with a part of the spring abut- 
ment member 42 which engages the valve needle, the 
spring abutment member 42 including a separate annu- 
lar abutment member 42b which is engageable with a 
shoulder 42c provided on the spring abutment member 
42, the annular abutment member 42b being arranged 
to engage the spring 40, in use. 

It will be appreciated that the injection control valve 
is of a relatively simple form, and as the supply of fuel 
to the injector does not pass through the injection control 
valve, the injection control valve merely being used to 
control the pressure within the control chamber 44, the 
valve member 50 of the pressure control valve may be 
of relatively small diameter. Further, as the pressure 
control valve and injection control valve are controlled 
using separate actuators, reliable control of the valves 
may be achieved relatively easily. 

Although the description hereinbefore is of a pump/ 
injector, it will be appreciated that the invention is also 
applicable to an injector arrangement in which the pump 
is spaced apart from the injector, a suitable pipe being 
used to interconnect the pump and injector to permit fuel 
to be delivered by the pump to the injector. 



Claims 

1 . An injector arrangement comprising a pump includ- 
ing a bore (1 2) within which a pumping plunger (1 4) 
is reciprocable, and an injector including a pressure 
control valve (20) arranged to control communica- 
tion between the bore (12) and a low pressure res- 
ervoir (22), an injector needle (34) engageable with 
a seating, the needle (34) being resiliency biased 
into engagement with the seating, a control cham- 
ber (44) arranged such that the application of high 
pressure fuel thereto urges the needle (34) towards 
its seating, a needle control valve (50) arranged to 
control communication between the bore (12) and 
the control chamber (44) and between the control 
chamber (44) and a low pressure drain (22), and 
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individual actuator arrangements (24, 52, 54) for ac- 
tuating the pressure control valve (20) and needle 
control valve (50) independently of one another, 
wherein the needle control valve (50) comprises a 
valve member (50) slidable within a bore, an end of 
the valve member (50) being sealingly engageable 
with a surface extending in a plane normal to the 
axis of the valve member (50) to close a port (64) 
communicating with the low pressure drain (22). 

An injector arrangement as claimed in Claim 1, 
wherein the port (64) which communicates with the 
low pressure drain (22) is located generally coaxi- 
ally with the valve member (50). 
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3. An injector arrangement as claimed in Claim 1 or 
Claim 2, wherein a part (50a) of the valve member 
(50) spaced from the end thereof is engageable with 
a seating to control communication between the 
bore (1 2) and the control chamber (44). 20 

4. An injector arrangement as claimed in any one of 
the preceding claims, further comprising an abut- 
ment member (42a) having a surface exposed to 

the fuel pressure within the control chamber (44), 25 
the abutment member (42a) transmitting the force 
due to the action of the fuel pressure within the con- 
trol chamber (44) to the valve needle (34). 

5. An injector arrangement as claimed in Claim 4, fur- 30 
ther comprising a spring (40) resiliently biassing the 
needle (34) towards its seating, the spring (40) en- 
gaging a spring abutment (42) moveable with the 
abutment member (42a). 

35 

6. An injector arrangement as claimed in Claim 5, 
wherein the spring abutment (42) is integral with the 
abutment member (42a). 

7. An injector as claimed in Claim 5, wherein the abut- 40 
ment member (42a) engages the spring abutment 
(42), the force due to the fuel pressure within the 
control chamber (44) being transmitted to the valve 
needle (34) through the spring abutment (42). 

45 

8. An injector arrangement as claimed in Claim 5, 
wherein the spring abutment (42b) is carried by the 
abutment member (42). 

9. An injector arrangement as claimed in any one of so 
the preceding claims, wherein the injector is mount- 
ed upon the pump. 

10. An injector arrangement as claimed in any one of 
Claims 1 to 8, wherein the pump and the injector ss 
are spaced apart from one another, a pipe connect- 
ing the bore of the pump to the injector. 
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